ABSTRACT
INTRODUCTION
Different factors such as genetic predisposition, low physical activity, and altered dietary habits have been suggested to be involved in the dramatically increased prevalence of overweight and obesity, which also affects young children (1, 2) . Factors that may affect the prevalence of overweight early in life must be identified. Low birth weight is associated with a higher risk of type 2 diabetes, overweight, and coronary heart disease later in life, and epidemiologic studies have also shown that the growth rate during infancy and childhood can predict later development of type 2 diabetes (3). An early adiposity rebound and upward percentile crossing of weight and body mass index (BMI) have been identified as risk factors for subsequent obesity (4 -6) . Insulin resistance differs between ethnicities and sexes; it is more common in girls than in boys (7) (8) (9) . Dyslipidemia is well documented in older children and adults who are overweight (10, 11) , and associations have been found between serum fasting insulin concentrations and serum lipids in 2-3-y-old Hispanic children (12) . These results indicate that factors related to the metabolic syndrome may be identified early in life.
Even though energy intake has been widely viewed as a crucial determinant of overweight, the findings are contradictory (13, 14) . The quality of macronutrients has attracted less attention, and concerns have recently been raised regarding recommendations related to low-fat, high-carbohydrate diets (15) . A high beverage intake has, especially in older children, been associated with high BMI (16, 17) .
To analyze the effects of dietary intake on the health of preschool children, we combined anthropometry with analysis of metabolic markers in serum and studied correlations with energy and macronutrient intakes. This study was a part of a larger investigation of nutrition, bone mass, health, and lifestyle in 4-y-old children in an urban community in western Sweden.
SUBJECTS AND METHODS

Subjects
Parents received initial information about the study together with their invitation to the routine 4-y check-up at the Pediatric Health Care Center. Two hundred thirty children from different socioeconomic districts were invited to participate in a study on nutrition and health. The parents of 182 children accepted and answered questionnaires about socioeconomics, health data, and food choice, and 95 of these parents also both kept a 7-d food record and permitted their children to undergo blood testing.
These 95 children constitute the study group reported on here. Extensive analysis of other data will be reported elsewhere.
The study was performed according to the Helsinki Declaration and was approved by the ethics committee of Göteborg University, Sweden. Informed consent was obtained from all parents. None of the children was forced to undergo vein puncture.
Design
The parents who agreed to participate received further information at the visit to the Pediatric Health Care Center, where they completed the questionnaires and agreed to keep a 7-d food record. They also were given local anesthetic plasters (EMLA; Astra-Zeneca, Södertälje, Sweden) to be applied to the child's skin 1 h before coming in for the blood tests, which were performed in the morning after the children had fasted overnight.
Anthropometry
Height and weight were measured with the use of calibrated standard equipment. BMI (kg/m 2 ) and SD score of the anthropometric data [z score ҃ (attained value Ҁ mean standard value for age)/SD of value for age (18, 19) ] were calculated. Each child's z score was calculated by using the closest mean standard value of the age defined as follows: ͨ51 mo old was defined as being 4 y old, 52-57 mo old as 4.5 y old, and ͧ59 mo as 5 y old. The International Obesity Task Force (IOTF) definition was used to determine the respective cutoffs for overweight and obesity (20) .
Food records
To achieve good compliance and quality in the 7-d recordkeeping, the process was divided into 2 periods, one lasting from Saturday to Tuesday and the other from Wednesday to Friday of the following week. Splitting the recording in this way decreased the drop out to 14% in a study of 153 individuals, compared with 37% in a pilot study of 60 individuals (data not shown). Many parents in the pilot study had given the large work load involved in recording on 7 consecutive days as the reason for dropping out.
Serving sizes were given in household measures and were based on standardized pictures (Matmallen offprint; Swedish Food Authority, Uppsala, Sweden). The food records were coded and computerized for analysis by using the computer nutrient software package MATs (Rudans Lättdata, Västerås, Sweden) with the Swedish Food Administration's food database, which includes Ȃ1500 foods and dishes. Around 20 food items often consumed by the children were added by using nutrient data given by the manufacturers.
Blood testing and analysis
Blood testing was undertaken after the children had fasted overnight and was facilitated by the analgesic effect of the local anesthetic plasters. Serum concentrations of cholesterol, triacylglycerol, and plasma glucose were analyzed by photometric methods according to clinical routines (111491458, 2004; 11730711, 2003; and 1876899, 2000 , respectively; Roche Diagnostics Scandinavia AB, Stockholm, Sweden). Serum insulin was assessed by using the Insulin Ultrasensitive ELISA kit (Mercodia AB, Uppsala, Sweden); the intraassay and interassay CVs were 5.3% and 3.9%, respectively (n ҃ 6). Homeostatic model assessment (HOMA) ␤-cell function and HOMA insulin resistance (HOMA-IR) indexes were calculated according to Matthews et al (21) . The HOMA ␤-cell function index has been found to be higher in obese than in nonobese children and to be significantly related to both first-and second-phases of insulin secretion in hyperglycemic clamps in children and adolescents (22) .
Statistical analysis
Means (ȀSDs) were used to describe the data unless indicated otherwise. The STATVIEW 5 software program was used for statistical analysis. Unpaired Student's t tests were used when comparing groups. Linear regression and Pearson's correlation coefficients were used as measures of relations between 2 variables. P values 0.05 were regarded as statistically significant.
RESULTS
The children's mean age was 51 Ȁ 2 mo at the time of the examination, and 42 of the 95 children were girls. Forty-five percent of the parents were 34 y old, and 8% of them had been born abroad. Six percent had an elementary school education and 47% and 47% had a secondary or a university education, respectively.
Anthropometric data are shown in Table 1 . On the group level, birth weights and lengths corresponded with the reference values. On the individual level, 86% and 89% of the girls and boys, respectively, were within Ȁ 2 SDs of the reference values (18) . Significant increments in z scores for both weight and height were seen between birth and 4 y of age. According to the IOTF definition, 20% of the children were overweight (n ҃ 16; 7 girls) or obese (n ҃ 3; one girl). The children's mean energy intake was significantly higher than that stipulated in the Nordic Nutrition Recommendations (NNR) (23) for both girls and boys: 5.8 Ȁ 0.79 and 6.6 Ȁ 0.78 MJ, respectively (P 0.0001; Table 2 ). On 4 z Score according to each child's age in mo ҃ (attained value Ҁ mean SD for age)/SD of value for age (18, 19) . 6 ⌬z Score 4-0 , change in z score from birth to 4 y. Significant increments in z scores for both weight and height were found for the combined groups between birth and age 4 y (P 0.0001 for both variables).
the group level, intake expressed as percentages of energy from protein, fat, and carbohydrates corresponded with the guidelines, but the percentage of energy from sucrose was above the NNR level, and the percentage of energy from polyunsaturated fatty acids, both nҀ6 and nҀ3 fatty acids, was below NNR levels. The percentage of energy from sucrose and that from carbohydrates were closely related (r ҃ 0.59, P 0.0001). A strong negative association was found between the percentage of energy from fat and that from carbohydrates (r ҃ Ҁ0.91, P 0.0001), as well as between the percentage of energy from fat and that from sucrose (r ҃ Ҁ0.36, P ҃ 0.0004). The percentage of energy from carbohydrates was negatively associated with protein intake (r ҃ Ҁ0.38, P ҃ 0.0002), and the association between the percentage of energy from sucrose and protein was r ҃ Ҁ0.61 (P 0.0001).
The children's energy intake was associated with both body weight and height, r ҃ 0.30 (P ҃ 0.003) and r ҃ 0.32 (P ҃ 0.002), respectively, but no association was found with BMI. The percentage of energy intake from carbohydrates was associated with both body weight (r ҃ 0.27, P ҃ 0.009) and BMI (r ҃ 0.29, P ҃ 0.004), and the percentage of energy from fat was negatively associated with both body weight (r ҃ Ҁ0.29, P ҃ 0.005) and BMI (Figure 1) .
No significant difference was found in absolute energy intake between normal-weight and overweight or obese children, but the normal-weight children had higher energy and macronutrient intakes, expressed as g/kg body wt, than did the overweight and obese children ( Table 3) . The overweight and obese children had a lower percentage of energy intake as fat.
Metabolic markers and serum lipids are depicted in Table 4 . The girls had significantly higher values than did the boys for all variables except fasting blood glucose and serum cholesterol. Fasting blood glucose was 3.5 mmol/L in 2 children (1 girl), and HOMA ␤-cell function could not be calculated in these girls, neither of whom had symptoms of hypoglycemia. Fasting serum insulin concentrations and blood glucose were significantly associated in boys (r ҃ 0.38, P ҃ 0.008) but not in girls.
The girls had higher serum triacylglycerol concentrations than did the boys ( Table 4 ). The mean serum triacylglycerol concentration was 0.76 Ȁ 0.24 mmol/L in the 3 obese children, compared with 0.68 Ȁ 0.21 mmol/L in the normal-weight and overweight children (P ҃ 0.50). No associations were found between dietary intake or anthropometric data and serum concentrations of triacylglycerol and cholesterol. No association was found between serum lipids and glucose, insulin, or HOMA indexes.
HOMA ␤-cell function was negatively associated with energy intake (r ҃ Ҁ0.33, P ҃ 0.002). In girls, an association was also found between HOMA ␤-cell function and the percentage of energy intake as carbohydrates (r ҃ 0.33, P ҃ 0.04), and negative associations were found with fat intake, expressed as g (r ҃ Ҁ0.40, P ҃ 0.01), g/kg body wt (r ҃ Ҁ0.41, P ҃ 0.01), and % of energy (r ҃ Ҁ0.37, P ҃ 0.02). No association was found between HOMA ␤-cell function and macronutrients in boys.
In girls, but not in boys, serum fasting insulin concentrations and HOMA-IR were associated with z scores for birth length, r ҃ 0.36 in both cases (P ҃ 0.02 and P ҃ 0.03, respectively), and HOMA-IR was associated with birth length (r ҃ 0.36, P ҃ 0.03). In girls, but not in boys, serum fasting insulin concentration and HOMA-IR were also associated with the change in z score from birth to 4 y for height, r ҃ 0.42 in both cases (P ҃ 0.007 and P ҃ 0.009, respectively); corresponding associations for weight were r ҃ 0.37 (P ҃ 0.02) in both cases. No associations between serum fasting insulin concentration or HOMA-IR and birth weight, z score for birth weight, weight or height at age 4 y, z score for weight or height at age 4 y, or BMI were found in the children.
Further analysis of fasting serum insulin concentrations and anthropometry is depicted in Table 5 . Subjects were grouped according to serum insulin concentration above or below the group mean ѿ SD. There were no significant differences between the girls and the boys in a regression model with both sex and insulin concentration and their interaction term. Because no significant sex-related differences or interactions were found, significance testing included all children. The results further support a relation between small size at birth as well as upward centile crossing and increased fasting serum insulin concentrations at this early age.
DISCUSSION
In this urban Swedish population with well-educated parents, healthy 4-y-olds had a significantly higher mean energy intake than is currently recommended (23) , and 20% were overweight or obese according to the IOTF definitions. Interestingly, a high percentage of energy intake as fat was associated with lower BMI. The normal-weight children had a higher intake of macronutrients, expressed as g/kg, and a higher percentage of energy intake from fat than did the overweight and obese children, and we could not find an association between total energy intake and BMI, which corroborates other findings (24, 25) . The girls had higher values for the metabolic markers than did the boys, similar to earlier reports (9, 26) , which indicates higher pressure on glucose-insulin homeostasis. We could not confirm earlier findings of a relation between weight at age 5 and insulin resistance in girls (27) , but we found a correlation with the change in z score from birth to age 4 y for both weight and height. Both serum fasting insulin concentration and HOMA-IR were associated with increased z scores for weight and height from birth to age 4 y, indicating that an upward centile crossing was associated with insulin resistance (6). Our results agree with those in 4-y-old Indian children with low birth weight (28) . The data imply that very early factors might influence growth, indicating that fetal or neonatal programming must be considered (29) . In animal studies, dietarily induced insulin resistance has been shown to precede other manifestations of the metabolic syndrome (30), although obesity is usually considered to precede insulin resistance in humans.
A high percentage of energy intake as fat was also associated with lower insulin production, measured as HOMA ␤-cell function, in girls. The strong inverse relation found between intakes of carbohydrates and fat as a percentage of energy raises the question of which is more important for HOMA ␤-cell function. These dietary associations and the relation between high insulin concentrations (1 SD of the group mean) at age 4 y and low birth weight and low birth length, as well as the increment of z scores from birth to age 4 y, support the original observations by Barker and others (31, 32) . Carbohydrates might stimulate insulin production, and high insulin concentrations might stimulate appetite and growth and thus be associated with a higher risk of subsequent disease such as obesity and diabetes (4, 5) . Only a few reports on insulin sensitivity at young ages have been published, the results of which concur with our findings, indicating that insulin resistance in healthy children at this early age is related to weight gain (28, 33) . The serum triacylglycerol concentration was higher in girls than in boys but was not higher in overweight children than in normal-weight children. Serum lipid concentrations corresponded with concentrations previously reported in Swedish 9-y-olds (34) . No relation was found between insulin resistance and serum lipids, as was previously reported in 2-3-y-olds (12) . This difference might be explained by differences in ethnicity.
Twenty years ago, mean energy intake in the same age group was 5-10% higher than in this study, ie, 6.4 MJ in girls and 6.9 MJ in boys, but the prevalence of overweight was only 5% compared with 20% in our study group (35) . Low socioeconomic status has been shown to be a risk factor for obesity, but many parents in our study had university educations and high socioeconomic status (data not shown), and other factors must therefore be considered (24, 36) . Our study suggests that sources of energy might be stronger predictors of BMI than is total energy intake. During the past 2 decades, decreased fat intake has been reported, but overweight has increased remarkably during the same period (37) . Fat results in greater satiety than do carbohydrates (38, 39) . Our results showed that low fat intake was associated with higher carbohydrate intake, which was also observed by Payne et al (40) . Many studies, mainly in older children, have reported a relation between soft drink consumption and overweight, which was not confirmed in our study of 4-y-olds (to be published), but the strong relation between sucrose and carbohydrates in this study indicated an unfavorable profile (16, 17) . Because fat was not replaced with complex carbohydrates, a higher fat intake seemed to be more favorable at this age, which is supported by the observed negative associations between fat intake and BMI in all children and between fat intake and HOMA index and insulin concentrations in girls. The negative association between protein and sucrose intake suggests that a higher protein intake might also be more favorable, thus contributing to a higher degree of satiety. The results suggest that a highcarbohydrate diet would not be recommended at this age and that it might be more important to focus on the sources of energy in predicting overweight. Also, the quality of fat must be considered, because different fatty acids can influence gene expression of lipolytic and glycolytic enzyme systems (41) , and animal studies have shown that perinatal exposure to different fatty acids can program for different development of body weight and insulin production (42, 43) .
In summary, 20% of the healthy 4-y-olds in our study group of children of well-educated parents were overweight or obese. No relation was found between BMI and energy intake, but a negative association was found between the percentage of energy intake as fat and BMI as well as between the percentage of energy from fat and that from carbohydrates, which suggests that it might be the sources of energy rather than total energy intake that predisposes to the development of overweight at this age. The associations between fasting serum insulin concentrations and the insulin resistance index and the change in z scores for height and weight from birth to age 4 y in girls suggest that early upward centile crossing, as an indication of early adiposity rebound, might be primarily linked to metabolic changes. We are currently prospectively following our cohort of healthy children at the age of 8 y.
